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23 SUMMARY:
24 We report a protocol for producing a hybrid lipid membrane at the water/air interface by doping
25 the lipid bilayer with copper (ll) 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine (CuPc)
26 molecules. The resulting hybrid lipid membrane has a lipid/CuPc/lipid sandwich structure. This
27  protocol can also be applied to the formation of other functional nanomaterials.
28
29  ABSTRACT:
30 Because of their unique properties, including an ultrathin thickness (3-4 nm), ultrahigh resistivity,
31 fluidity and self-assembly ability, lipid bilayers can be readily functionalized and have been used
32  invarious applications such as bio-sensors and bio-devices. In this study, we introduced a planar
33  organic molecule: copper (ll) 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine (CuPc) to dope
34  lipid membranes. The CuPc/lipid hybrid membrane forms at the water/air interface by self-
35 assembly. In this membrane, the hydrophobic CuPc molecules are located between the
36  hydrophobic tails of lipid molecules, forming a lipid/CuPc/lipid sandwich structure. Interestingly,
37 anair-stable hybrid lipid bilayer can be readily formed by transferring the hybrid membrane onto
38 aSisubstrate. We report a straightforward method for incorporating nanomaterials into a lipid
39 bilayer system, which represents a new methodology for the fabrication of biosensors and
40 biodevices.
41
42  INTRODUCTION:
43  As essential frameworks of cell membranes, the interior of cells are separated from the exterior
44 by a lipid bilayer system. This system consists of amphiphilic phospholipids, which are composed
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of hydrophilic phosphoric ester “heads” and hydrophobic fatty acids “tails”. Due to remarkable
fluidity and self-assembly ability of lipid bilayers in aqueous environment'-?, artificial lipid bilayers
can be formed using simple methods®*. Various types of membrane proteins, such as ion
channels, membrane receptors and enzymes, have been incorporated into the artificial lipid
bilayer to mimic and study the functions of cell membranes>®. More recently, lipid bilayers have
been doped with nanomaterials (e.g., metal nanoparticles, graphene, and carbon nanotubes) to
form functional hybrid membranes’!3. A widely used method for forming such hybrid
membranes involves the formation of doped lipid vesicles, which contain hydrophobic materials
such as modified Au-nanoparticles’ or carbon nanotubes!?!, and the resulting vesicles are then
fused into planar supported lipid bilayers. However, this approach is complex and time-
consuming, which limits the potential uses of such hybrid membranes.

In this work, lipid membranes were doped with organic molecules to produce hybrid lipid
membranes that formed at the water/air interface by self-assembly. This protocol involves three
steps: preparation of the mixed solution, formation of a hybrid membrane at the water/air
interface, and the transfer of the membrane onto a Si substrate. Compared with other previously
reported methods, the method described here is simpler and does not require sophisticated
instrumentation. Using this method, air-stable hybrid lipid membranes with a larger area can be
formed in a shorter time. The nanomaterial used in this study is a semiconducting organic
molecule, copper (Il) 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine (CuPc), which is widely
used in a number of applications, including solar cells, photodetectors, gas sensors and
catalysis'*>. CuPc, a small organic molecule with a planar structure, has a high affinity for the
“tails” of phospholipids duo to its hydrophobic characteristics. Other groups have reported that
CuPc molecules can self-assemble on single-crystal surfaces with the formation of highly ordered
structures'®!’, Therefore, it is highly possible that the CuPc molecules could be incorporated into
the lipid bilayers through self-assembly.

We provide a detailed description of the procedures used to form membranes and provide some
suggestions for smoothly implementing this procedure. In addition, we present some
presentative results of the hybrid lipid membranes, and discuss potential applications of this
method.

PROTOCOL:

1. Preparation of a hybrid solution

1.1. Wash four 4 mL disposable glass vials and screw caps (surface treatment: Teflon coating) in
an ultrasonic bath for 10 min in distilled water (purified with a filtration system), followed by

ethanol and chloroform, respectively. Dry the glass vials and caps in a stream of nitrogen gas.

1.2. In an anaerobic glove box, prepare a CuPc stock solution (10 mg/mL) in a washed glass vial
by dissolving powdered CuPc in chloroform.

1.3. Filter the CuPc solution through a 0.2 um polytetrafluoroethylene (PTFE) membrane.



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

1.4. Store the filtered solution in a washed glass vial filled with nitrogen, and seal the vial with
parafilm.

1.5. Take the purchased 1,2-diphytanoyl-sn-glycero-3-phosphocholine (DPhPC) chloroform
solution (25 mg/mL) out of the -80 °C refrigerator and allow it to warm to room temperature.

1.6. Stir the DPhPC solution using a vortex mixer at 2300 rpm for 10 s.
1.7. Rinse a glass micro-syringe with chloroform for 5 times.

1.8. Transfer 200 pL of the DPhPC chloroform solution into a pre-washed glass vial using the
washed syringe. Evaporate the solvent in the vial with a gentle stream of nitrogen.

1.9. Rinse a glass micro-syringe 5 times with chloroform.
1.10. Add 202.6 uL of chloroform to the glass vial with DPhPC using the cleaned syringe.

1.11. Add 47.4 pL of filtered 10 mg/mL CuPc solution into the DPhPC solution. The molar ratio of
DPhPC to CuPc should be 10:1.

1.12. Rinse the glass micro-syringe 5 times with chloroform.

1.13. Add 250 pL of hexane to the solution using the syringe. The final concentration of the
solution should be 10 mg/mL.

1.14. Mix the prepared solution using a vortex mixer at 2300 rpm for 10 s.
1.15. Filter the CuPc solution through a 0.2 um polytetrafluoroethylene (PTFE) membrane.

1.16. Seal the glass vial with parafilm. Put it in to a grip sealed bag filled with nitrogen and place
the grip sealed bag in a freezer at -20 °C.

NOTE: After step 1.13, the DPhPC and CuPc were dissolved in a mixed solvent, which was
composed of chloroform and hexane (volume ratio of 1:1). In addition, the molar ratio of DPhPC
to CuPcis not limited to 10:1. With a constant concentration of lipids (10 mg/mL), different molar
ratios can be used. According to previous experimental results, a range from 10:1 to 3:1 is
preferred for forming a high-quality hybrid lipid membrane.

2. Formation of a hybrid membrane at the water/air interface

2.1. Cut Si substrates (3 cm x 3 cm) from a Si wafer.

2.2. Clean the 3 cm x 3 cm Si substrates in an ultrasonic bath for 10 min in purified water, followed
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by ethanol and then chloroform. Treat the Si substrate with an O; plasma for 5 min to remove
adsorbed organic materials from the surface and to improve hydrophilicity.

2.3. Wash a Teflon beaker with an inner diameter of 7.5 cm with flowing purified water for 3 min.

2.4. Put the cleaned Si substrate in the washed Teflon beaker, which is tilted at an angle of 30°
to the horizontal.

2.5. Pour a sufficient amount of purified water into the Teflon beaker until the entire Si substrate
is submerged.

2.6. Take prepared hybrid solution out of freezer and allow it to warm to room temperature.
2.7. Stir the hybrid solution using a vortex mixer at 2300 rpm for 15 s.
2.8. Rinse a glass micro-syringe (50 pL) 5 times with chloroform.

2.9. Drop 3-5 L of the hybrid solution onto the water surface using the syringe to form a floating
hybrid lipid membrane.

NOTE: When the solution is dropped, it is important to hold the droplet close to (less than 1 cm)
the water surface. It should also be noted that a single-layer hybrid membrane is not visible to
the naked eye, but the multi-layer hybrid membrane appears as thin, blue-colored film. In order
to transfer the multi-layer hybrid membrane to the Si substrate, it is important to drop the mixed
solution as close as possible to the Si substrate.

3. Transferring the membrane onto a Si substrate

3.1. After the evaporation of organic solvent (it will take less than 2 seconds), lower the water
level at a rate of 3 mm/min by pumping out the water through a rubber tube which is driven by
a peristaltic pump, to transfer the floating hybrid membrane onto the Si substrate.

3.2. After the transfer process is complete (about 5 min), place the Si substrate on a cleanroom
wiper, and allow all of residual water to evaporate.

NOTE: Lowering the water level at such a low rate serves to minimize the turbulence of water
and to protect the membrane.

REPRESENTATIVE RESULTS:

The as-formed membrane has a uniform light blue color due to the presence of CuPc molecules.
The area of the colored membrane is normally several square centimeters. In Figure 1A and
Figure 1B, we show a microscopic image and an atomic force microscope (AFM) image (including
a height profile) of the hybrid lipid membrane on a Si substrate. In the AFM image, the membrane
in the upper left is thick, with a thickness of 79.4 nm and that at the lower right is thin, with a
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thickness of 4.9 nm. The thin membrane shows a surface roughness of Ra = 0.4 nm, which is close
to that of the cleaned Si substrate. In addition, based on multiple measurements, membrane
thicknesses show a discrete distribution with 5-nm increments*8. Since the reported thickness of
a DPhPC lipid bilayer membrane is about 4 nm?'%, it can be concluded that the 5 nm thin
membrane is a CuPc doped lipid bilayer membrane and that the thick membranes are composed
of stacks of doped lipid bilayers.

Energy dispersive X-ray (EDX) analysis was used to further investigate the composition of the
hybrid membrane on the Si substrate. As calculated from the data shown in Figure 2, the atomic
ratios of representative elements such as Cu, P, N and C, are 0.33%, 0.97%, 4.06% and 68.56%.
Considering that a molar ratio of 3 tol (DPhPC to CuPc) was used in preparing the hybrid
membrane, the theoretical molar ratio of Cu:P:N:C should be 1:3:11:192, which is close to the
measured element ratio in the hybrid membrane, indicating that the ratio between the lipids and
the CuPc molecules is maintained after the film formation and transfer processes.

FIGURE AND TABLE LEGENDS:

Figure 1: As-formed hybrid membrane doped with CuPc. (A) A confocal microscopy image of the
hybrid membrane. (B) AFM image of the hybrid membrane. The membrane shown in (B) includes
a hybrid multilayer membrane with a thickness of 79.4 nm and a contiguous monolayer hybrid
membrane with a thickness of 4.9 nm.

Figure 2: EDX pattern of the hybrid membrane on a Si substrate. Corresponding elements to the
features are shown in the figure.

DISCUSSION:

In the precursor solution of the hybrid membrane, a mixed organic solvent (chloroform and
hexane) rather than pure chloroform is used to dissolve lipids and CuPc. If pure chloroform is
used, the density of the precursor solution would be higher than water. Therefore, it is highly
likely that the solution would sink to the bottom of water rather than spread on water surface.
Adding hexane, a low density solvent, to the precursor solution, ensures that the solution will
float on the water surface and form a uniform hybrid membrane after the evaporation of the
solvent. It should also be noted that immediately after the solution comes into contact with the
water surface, a slight surface wave was always observed, possibly due to the spreading of the
membrane and the organic solvent, which would alter the surface tension of water. Since the
hybrid membrane is ultrathin and fragile, a small disturbance would damage the intactness of
membrane with visible cracks being formed. Therefore, in order to prevent further damage, it is
very important to minimize the airflow around the membrane and to avoid any vibrations of
water after the formation of hybrid membranes. If possible, the Teflon beaker should be placed
on a vibration isolation table.

The well-established Langmuir-Blodgett (LB) method is widely used to form lipid monolayers at
the water/air interface where hydrophilic heads of the lipids are oriented toward the water while
the hydrophobic tails are oriented toward the air. Different from the LB method, by doping with
CuPc molecules, our method permitted hybrid membranes with a bilayer structure to be formed
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at the water/air interface in one step. In the hybrid membrane, it is assumed that the
hydrophobic CuPc molecules are located between the hydrophobic “tails” of lipid molecules,
forming an intriguing lipid/CuPc/lipid sandwich structure. We confirmed this assumption by
conducting fluorescence resonance energy transfer (FRET) measurements?,

In addition, we repeated the film formation process using several different molar ratios of DPhPC
to CuPc following the same protocol described above. Generally, a low CuPc ratio (e.g., molar
ratio of 20:1) resulted in a hybrid membrane with a lighter color and a smaller area than one
prepared using a high CuPc ratio (e.g. 3:1 and 10:1). It appears that the CuPc molecules assist in
the bilayer formation and also act as an adhesive, resulting in the formation of membranes with
large areas. In addition, in the absence of lipid molecules, CuPc molecules tend to aggregate on
both the water surface??, and on the solid substrate after the solvent evaporation?!. However, in
the case of a hybrid membrane, XRD results indicated that the CuPc molecules did not aggregate
to form small crystals in the hybrid membrane®®. This suggests that the aggregation of CuPc
molecules was prevented by the interaction of hydrophobic “tails” of lipids with CuPc. However,
when more CuPc molecules were used to prepare a lipid solution (such as a molar ratio of 1:1),
the hybrid membranes not only show a darker blue color but CuPc molecules are also visibly
aggregated in the membranes. Considering that the size of the CuPc molecule (1.7 nm) is slightly
larger than the diameter of the head group of the lipid molecule (about 1 nm), a molar ratio
higher than 3:1 tends to result in films that contain aggregated CuPc molecules. The molar ratio
of 10:1 that was used in the representative experiments is a tradeoff between the membrane
area and undesirable aggregation.

Following the described protocol, hybrid lipid membranes with a sandwich structure were
formed at the water/air interface. By doping with CuPc molecules, the hybrid lipid membrane
would possess some of functionalities of semiconducting molecules, including optoelectronic and
photocatalytic properties, which would significantly expand the applications of lipid bilayer
structures. It should be also noted that the doping material is not limited to CuPc molecules. We
have also formed similar hybrid membranes with lipid/Pc/lipid sandwich structures by using
2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine (H;PC) and zinc 2,9,16,23-tetra-tert-butyl-
29H,31H-phthalocyanine (ZnPC) as the doping materials. Other groups have demonstrated that
the surface-modified Au-nanoparticles, graphene nanosheets, and fullerenes could stabilize
inside the lipid bilayer’?12, Therefore, it is possible to dope a lipid bilayer with other hydrophobic
molecules and nanomaterials, which would further expand the range of applications of hybrid
lipid membranes.
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Table of Materials

Name of
Reagent/Material
Chloroform
CuPc
DPhPc
Glass vials with screw
cap
Hexane
Membrane filters
Micro-syringe

Peristaltic pump

Vortex mixer

Company

Wako Chemicals
Sigma-Aldrich
Avanti Polar Lipids
Nichiden-Rike Glass Co.,
Ltd
Wako Chemicals
Merck Millipore Ltd.
Hamilton

Tokyo Rikakikai Co., Ltd.

Scientific Industries, Inc.

Catalog Number

033-08631
423165
850356C
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084-03421
R8CA42836
80530
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Dear Editor,

Thank you for your letter concerning our manuscript entitled “The self-assembly of
hybrid lipid membranes doped with hydrophobic organic molecules at a water/air interface”
(JoVE60957) which we submitted for publication in JOVE Video Journal.

We greatly appreciate the reviewers’ insightful and suggestive comments. We have
carefully revised our manuscript according to the reviewers’ comments and issues pointed
out by the editor. A list of supplies and equipment was also added. The response to the
reviewer’s comments is as follows:

(The corresponding corrections and revisions are marked with red color in the revised
manuscript)

Reviewers' comments:
Reviewer #1:
Manuscript Summary:

This manuscript describes a method to prepare lipid bilayer-small molecule hybrids and their
thin films in a relatively simple way, demonstrating a method recently published in
JPhysChem.

Major Concerns:

There is an effort to suggest (Line 28, 39, 63) that the method is quite general for hydrophobic
materials (in particular, extendable to nanoparticle hybrids) but generality of the method is
not clear from the article, and would be fairly surprising. This may arise from calling the
Cu-phtalocyanine complex as a nano-material (debatable, but acceptable in a broad sense),
but for clarity, it shouldn't be referred to as a nanoparticle.

We are sincerely sorry for the improper definition of doping materials. All “nanoparticle”
was replaced by “nanomaterial” in the revised manuscript. In the Discussion part of the
revised manuscript, we have deleted the statement regarding the generality of the method.
Examples showing that other nanomaterials could stabilize in the lipid bilayers are now added
in the revised manuscript.

Minor Concerns:
Step 2.6. clarify if the hybrid solution is used directly from freezer or if returned to RT.

Step 3.1 please provide more detail (in video or in manuscript) as to from where the water is
removed.

*
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As suggested by the reviewer, experimental details were added to Step 2.6 and 3.1.

Reviewer #2:
Manuscript Summary:

The authors describe a simple protocol for forming air-stable hybrid lipid bilayers with
organic copper-phthalocyanine molecules on silicon substrates.

Minor Concerns:

The authors make the point that their method for forming the hybrid bilayers on silicon
substrates is a one-step procedure which doesn't require expensive equipment or complicated
processes, which apparently includes a langmuir trough. Using a langmuir trough to form
conventional lipid bilayer films is indeed a difficult task, since they are not air stable,
requiring the film to be submerged in aqueous solution at all times. However, the use of a
langmuir trough to form these hybrid bilayers at the water-air interface would be no more
difficult than for conventional langmuir monolayers, precisely because they are air-stable.
The use of a langmuir trough would allow the user to monitor the interfacial tension and
control the surface pressure of the film on the fly, and to monitor and optimize the transfer
to the substrate by recording the transfer ratio in real time. I'm not suggesting that the
authors must use a langmuir trough for this manuscript to be published, but they are missing
an opportunity here by discounting out of hand the use of a langmuir trough.

We greatly appreciated the suggestion from the reviewer. As pointed out by the reviewer,
using a langmuir trough allow us to monitor and optimize the transfer process, and would
possibly improve the quality of transferred membrane. We are now planning to use langmuir
trough to form the hybrid membrane and the results will be reported elsewhere.
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ltem 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:

Standard Access Open Access

Item 2: Please select one of the following items:
The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video of the Article, and in which the Author may or may not
License Agreement, the following terms shall have the appear.

following meanings: “Agreement” means this Article and 2. Background. The Author, who is the author of the
Video License Agreement; “Article” means the article Article, in order to ensure the dissemination and protection
specified on the last page of this Agreement, including any of the Article, desires to have the JoVE publish the Article
associated materials such as texts, figures, tables, artwork, and create and transmit videos based on the Article. In
abstracts, or summaries contained therein; “Author” furtherance of such goals, the Parties desire to memorialize
means the author who is a signatory to this Agreement; in this Agreement the respective rights of each Party in and
“Collective Work” means a work, such as a periodical issue, to the Article and the Video.

anthology or encyclopedia, in which the Materials in their 3. Grant of Rights in Article. In consideration of JoVE
entirety in unmodified form, along with a number of other agreeing to publish the Article, the Author hereby grants to
contributions, constituting separate and independent JoVE, subject to Sections 4 and 7 below, the exclusive,
works in themselves, are assembled into a collective whole; royalty-free, perpetual (for the full term of copyright in the
“CRC License” means the Creative Commons Attribution- Article, including any extensions thereto) license (a) to
Non Commercial-No Derivs 3.0 Unported Agreement, the publish, reproduce, distribute, display and store the Article
terms and conditions of which can be found at: in all forms, formats and media whether now known or
http://creativecommons.org/licenses/by-nc- hereafter developed (including without limitation in print,
nd/3.0/legalcode; “Derivative Work” means a work based digital and electronic form) throughout the world, (b) to
upon the Materials or upon the Materials and other pre- translate the Article into other languages, create
existing works, such as a translation, musical arrangement, adaptations, summaries or extracts of the Article or other
dramatization, fictionalization, motion picture version, Derivative Works (including, without limitation, the Video)
sound recording, art reproduction, abridgment, or Collective Works based on all or any portion of the Article
condensation, or any other form in which the Materials may and exercise all of the rights set forth in (a) above in such
be recast, transformed, or adapted; “Institution” means translations, adaptations, summaries, extracts, Derivative
the institution, listed on the last page of this Agreement, by Works or Collective Works and(c) to license others to do any
which the Author was employed at the time of the creation or all of the above. The foregoing rights may be exercised in
of the Materials; “JoVE” means Mylove Corporation, a all media and formats, whether now known or hereafter
Massachusetts corporation and the publisher of The Journal devised, and include the right to make such modifications
of Visualized Experiments; “Materials” means the Article as are technically necessary to exercise the rights in other
and / or the Video; “Parties” means the Author and JoVE; media and formats. If the “Open Access” box has been
“Video” means any video(s) made by the Author, alone or checked in Item 1 above, JoVE and the Author hereby grant
in conjunction with any other parties, or by JoVE or its to the public all such rights in the Article as provided in, but
affiliates or agents, individually or in collaboration with the subject to all limitations and requirements set forth in, the
Author or any other parties, incorporating all or any portion CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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